Functionally important regions of sensory maps are overrepresented in the sensory pathways and cortex, but the underlying developmental mechanisms are not clear. Our data suggest that either cell-intrinsic and/or DH prepatterning mechanisms are likely to establish this somatotopic difference.
play distinctive central arbor morphologies that well correlate with increased synapse transmission efficiency and heightened sensitivity of distal limb skin. Given that peripheral and central arbor formation of Mrgprd + neurons co-occurs around the time of birth, we tested whether peripheral cues from different skin areas and/or postnatal reorganization mechanisms could instruct this somatotopic difference among central arbors. We found that, while terminal outgrowth/refinement occurs during early postnatal development in both the skin and the DH, postnatal refinement of central terminals precedes that of peripheral terminals. Furthermore, we used single-cell ablation of Ret to genetically disrupt epidermal innervation of Mrgprd + neurons and revealed that the somatotopic difference among their central arbors was unaffected by this manipulation. Finally, we saw that region-specific Mrgprd + central terminal arbors are present from the earliest postnatal stages, before skin terminals are evident. In summary, we find that region-specific organization of Mrgprd + neuron central arbors is present shortly after initial central terminal formation, which likely develops independently of peripheral target innervation.
Our data suggest that either cell-intrinsic and/or DH prepatterning mechanisms are likely to establish this somatotopic difference. 
| INTRODUCTION
Animals use distal limb regions (paws/hands) for exploration and object manipulation. To facilitate these behavioral requirements, distal limb somatosensory circuits have several region-specific (somatotopic) organization mechanisms to increase the sensitivity of these skin regions.
One such mechanism involves the "magnification" of distal limb representations in the central nervous system, meaning distal limb regions are overrepresented in the spinal cord and cortex circuits (Fitzgerald & Swett, 1983; Millecchia et al., 1991; Penfield & Boldrey, 1937) . While other sensory systems use analogous forms of regional magnification in various species (Ahnelt, 1998; Challis et al., 2015; Daniel & Whitteridge, 1961; Suga, Niwa, Taniguchi, & Margoliash, 1987) , the developmental mechanisms used by sensory systems to differentially allocate circuit space in this manner have not been clearly defined.
Similar to light touch, humans have increased sensitivity for pain in the distal limbs and fingertips (Mancini et al., 2013; Mancini et al., 2014) . Recently, we used single-cell genetic tracing of Mrgprd + mouse nociceptors to characterize the somatotopic organization of mammalian pain neurons (Olson et al., 2017) . While we found no obvious mechanisms for increased sensitivity in paw peripheral circuits (these neurons have lower innervation density in the paw glabrous skin compared to the limb hairy skin and have similar terminal areas across skin regions), we identified a novel region-specific organization of the central terminal arbors of these neurons in the spinal cord dorsal horn (DH) (Figure 1a Figure 1a ) (Brown & Fuchs, 1975; Swett & Woolf, 1985) . Nerve tracing experiments have shown that cutaneous sensory topographic maps formed early in development are similar to the mature pattern (Mendelson, Koerber, & Frank, 1992; Smith, 1983) . Based on the rough coincidence of peripheral and central target innervation and based on the proximal-to-distal progression of hind limb epidermal innervation, it was proposed that peripheral innervation could drive formation of a correct somatotopic map in the DH (Reynolds, Fitzgerald, & Benowitz, 1991) . However, subsequent studies provided evidence against this model (Mirnics & Koerber, 1995; Sharma, Korade, & Frank, 1994; Wang & Scott, 2002) .
In general, the mechanisms directing the somatotopically appropriate wiring of somatosensory afferents remain unclear.
As the previous work could not resolve the single-cell structure of DRG neurons, the mechanisms for the disproportionate representation 
| MATERIALS AND METHODS

| Mouse strains
Mice were raised in a barrier facility in Hill Pavilion, University of 
| Genetic labeling of Mrgprd + nociceptors
To sparsely label Mrgprd + nociceptors, we set up timed pregnancy matings of Mrgprd CreERT2 mice with Rosa iAP or Ret f(CFP) mice. Populationlevel labeling was achieved through either prenatal or postnatal tamoxifen treatment. For prenatal treatment, pregnant females were given tamoxifen (Sigma, T5648) along with estradiol (Sigma, E8875, at a 1:1000 mass estradiol:mass tamoxifen ratio) and progesterone (Sigma, P3972, at a 1:2 mass progesterone: mass tamoxifen ratio) in sunflower seed oil via oral gavage at E16.5-E17.5, when Mrgprd is highly expressed in mouse nonpeptidergic nociceptors (Chen et al., 2006) .
| Tissue preparation and histology
Procedures were conducted as previously described (Fleming et al., 2012; Niu et al., 2013) . Briefly, mice were euthanized with CO 2 and transcardially perfused with 4% PFA/PBS, and dissected tissue (skin, spinal cord, DRG) was post-fixed for 2 hr in 4% PFA/PBS at 4 C. Tissue DRGs) for whole mount AP color reaction with BCIP/NBT substrate was treated as previously described. Following AP color reaction labeling, tissue was cleared in 1:2 (v:v) benzyl alcohol + benzyl benzoate (BABB) for imaging (Niu et al., 2013) . (Figure 3a,c,i ). In addition, while sections of glabrous skin from control mice showed sparsely labeled terminals with mature epidermal endings, sections from mutant skin showed axon bundles in the dermis but no mature endings in the epidermis, consistent with previous work (Luo et al., 2007) (Figure 3b,d) . AE 18.1 μm, n = 239 neurons from three mice (Figure 3g ,h,j), indicating that the round versus long distinction is maintained in these mutant neurons. In addition, no difference in the average width of round or long terminals was observed between control and Ret null that molecular cues from the dermis induce the development of hair follicles in hairy skin during embryogenesis, thereby playing critical roles in regional skin patterning (Millar, 2002; Sengel, 1990) . Many molecular players in the dermis and epidermis have been identified, including the Wnt/β-catenin pathway, although the exact identity of the initial dermal signal remains to be determined (Millar, 2002 et al., 1994) , might still display region-specific Mrgprd + morphologies.
| Image acquisition and data analysis
Earlier spinal nerve backfilling experiments indicated that DRG central projections form topographically appropriate innervation patterns from the earliest stages of innervation (Mendelson et al., 1992; Smith, 1983) and that spinal cord somatotopic map formation of DRG afferents does not rely on cues from the periphery (Sharma et al., 1994; Wang & Scott, 2002) . Here, we used single-cell tracing and genetic disruption to show that development of region-specific arbor morphologies, an important mechanism for magnifying paw 
